per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
C12Q 1/68, 1/70 



Al 



(II) International Publication Number: WO 94/02634 

(43) International Publication Date: 3 February 1994 (03.02.94) 



(21) International Application Number: PCT/AU93/00379 

(22) International Filing Date : 26 July 1 993 (26.07.93) 



(30) Priority data: 
PL 3705 



24 July 1992(24.07.92) 



AU 



(71) Applicants (for all designated States except US): UNIVERSI- 

TY OF SOUTH AUSTRALIA (AU/AU]; North Ter- 
race, Adelaide, S.A. 5000 (AU). ADELAIDE CHILD- 
REN'S HOSPITAL [AU/AU]; 72 King William Road, 
North Adelaide, S.A. 5006 (AU). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) : HARRIS, Raymond, 
John [AU/AU]; University of South Australia, North 
Terrace, Adelaide, S.A. 5000 (AU). MORRIS, Charles, 
Phillip [AU/AU]; ADELAIDE CHILDREN'S HOSPI- 
TAL, 72 King William Road, North Adelaide, S.A. 5006 
(AU). 



(74) Agent: RK MADDERN & ASSOCIATES; 345 King Wil- 
liam Street, Adelaide, S.A. 5000 (AU). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, 
CZ, DE, DK, ES, FI, GB, HU, JP, KP, KR, KZ, LK, 
LU, MG, MN, MW, NL, NO, NZ, PL, PT, RO, RU, 
SD, SE, SK, UA, US, VN, European patent (AT, BE, 
CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: AMPLIFICATION AND DETECTION PROCESS 
(57) Abstract 

This method for detecting a target nucleic acid sequence involves amplification and detection in the same vessel and com- 
prises- «a3^ farget nucleic sequence in a vessel which is provided with a solid phase capture probe comprising 
l^^X^lp^ of hybridising to at least a portion of said amplified target nudeic acid «ew^g 
orobe being incapable of participating or not participating in standard nucleic acid sequence amplification processes, (b)bnng- 
^i^^^JomSMi said target nucleic acid sequence into contact with said capture probe under conditions 
^^S^mJw nucleic acid sequence to be bound by said capture probe, and (c) detecting the presence of 
bo^nd target nucleic add sequence. In a further aspect, the present invention provides an assay system or kit, for detecting a tar- 
mSSISS^ n a sample suspected of comprising said target nucleic add .sequence, comprising: a a capture probe 
cCr£ ?!JS~ "ileai capable of hydridising to at least a portion of said amplified target nucleic acid sequence, 
2 c a7u^robe b eing iJobilised on a solid phase support which forms a part of or is insertable into 
Die and said capture probe being incapable of partidpating in standard nucleic acid sequence amplification processes, (b) rea- 

P ^^^m^^ ™ cleic acid sequence ' and (C) meanS f ° f detCCtinfi tafgCt SCqUenCe ' W 

bound by said capture probe. 



Codes used to identify States party to the 
applications under the PCT. 



FOR THE PURPOSES OF INFORMATION ONLY 

PCT on the front pages of pamphlets publishing international 



AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BP Burkina Faso 

BC Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CC Congo 

CH Switzerland 

O Cote dlvoirc 

CM Cameroon 

CN China 

CS Ciechoslovakia 

CZ Czech Republic 

DE Germany 

DK Denmark 

ES Spain 

PI FioUnd 



FR 
CA 
CB 
CN 
CR 
HU 
IE 
IT 
JP 
KP 

KR 

KZ 

U 

LK 

LU 

LV 

MC 

MC 

ML 

MN 



France 
Gabon 

United Kingdom 

Guinea 

Greece 

Hungary 

Ireland 

Italy 

Japan 

Democratic People's Republic 
of Korea 

Republic of Korea 

Kazakhstan 

Liechtenstein 

Sri Lanka 

Lusembourg 

Latvia 

Monaco 



Mali 
Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Nicer 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 
Romania 


RO 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovak Republic 


SN 


Senegal 


TO 


Chad 


TO 


Togo 


UA 


Ukraine 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



WO 94/02634 



1 



PCT/AU93/00379 



AMPLIFICATION AND DETECTION PROCESS 



narirr;pntntD ^ the INVENTION 

Hybridisation methods are widely utilised in testing for the 
presence of particular nucleic acid sequences, identifying 
and/or quantifying such sequences. 

Various improvements and modifications have been introduced, 
to improve the specificity and sensitivity of the reaction. 
For example, a number of recently developed in vitro nucleic 
acid amplification methods have greatly increased the 
sensitivity of detection. These methods include: ligase 
chain reaction (LCR) , nucleic acid sequence based 
amplification (NASBA) , Q* replicase based methods, strand 
displacement amplification (SDA) and notably polymerase chain 
reaction (PCR) . 

in a recent development, two separate PCR amplifications have 
been used to both amplify and label the target nucleic acid 
sequence. The labelled sequence is then immobilised on a 
solid phase carrier, and testing is carried out using a 
reagent specific to the label. (See D J Kemp et al, 
-Colorimetric detection of specific DNA segments amplified by 
polymerase chain reactions", Pror Haf 1 Sci USA , £6., PP 

2423-2427, 1989.) 

However, in prior art methods, including that of Kemp et al, 
solution amplified nucleic acids have been detected in a 
second vessel by capture of hybridisation to solid phase 
capture reagents (two vessel assays). 

Solid phase techniques have been used in relation to 
synthesis procedures (e.g. chemical synthesis of amino acid 
and nucleic acid sequences) and assay procedures (as in the 
final step of the procedure of Kemp et al, see above). 
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However, it has not hitherto been possible to conduct an in 
solution amplification process for nucleic acid sequences, 
and identification/quantification procedures, in the same 
reaction vessel. 

{SUMMARY 0 F ™ p INVENTION 

This method for detecting a target nucleic acid sequence 
involves amplification and detection in the same vessel and 
comprises : 

(a) amplification of the target nucleic sequence in a vessel 
which is provided with a solid phase capture probe comprising 
a nucleic acid sequence capable of hybridising to at least a 
portion of said amplified target nucleic acid sequence, said 
capture probe being incapable of participating or not 
participating in standard nucleic acid sequence amplification 
processes , 

(b) bringing a sample suspected of comprising said target 
nucleic acid sequence into contact with said capture probe 
under conditions which allow said amplified target nucleic 
acid sequence to be bound by said capture probe, and 

(c) detecting the presence of bound target nucleic acid 

sequence . 

in a further aspect, the present invention provides an assay 
system or kit, for detecting a target nucleic acid sequence 
in a sample suspected of comprising said target nucleic acid 
sequence, comprising: 

(a) a capture probe comprising a nucleic acid sequence 
capable of hybridising to at least a portion of said 
amplified target nucleic acid sequence, said capture probe 
being immobilised on a solid phase support which forms a part 
■of or is insertable into a container for the sample, and sard 
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capture probe being incapable of participating in standard 
nucleic acid sequence amplification processes, 

(b ) reagents for amplification of said target nucleic acid 

sequence, and 

(c) means for detecting said target nucleic acid sequence, 
when bound by said capture probe. 

A sample suspected of comprising a particular nucleic acid 
sequence is placed within a reaction vessel. If said 
particular nucleic acid sequence is present within the 
sample, then it is amplified freely in solution, by any 
means, to give a nucleic acid product (or derivative or 
analogue) carrying a detector tag and captured by a 
complementary solid phase capture probe present in the 
reaction vessel. The complementary solid phase capture probe 
is a nucleic acid sequence (or derivative or analogue) which 
is incapable of participating in amplification of said 
particular nucleic acid sequence (e.g. will not act as a 
primer). Preferably, the capture probe hybridises to a 
central section of the amplified nucleic acid sequence - away 
from any primer or primer complementary nucleic acid 
sequences. Thus, false positives arising from amplified 
primer-mult imers (e.g. primer-dimers) are avoided. The 
captured nucleic acid sequence (or derivative or analogue) is 
then identified via the detector tag and/or quantified by 
conventional means (e.g. by fluorescence, for products 
carrying a fluorescent tag). 

Preferably, said particular nucleic acid sequence is 
amplified prior to capture by the solid phase capture probe. 
As the solid phase capture probe is incapable of 
participating in the amplification process, both 
amplification and capture can take place in the same reaction 
vessel. This represents a major advance over prior art 
systems. The system offers rapid detection with few 
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manipulations and reduced risk of contamination of 
laboratories with amplicons (amplification products) compared 
to two vessel assays. The system thus facilitates processing 
of large numbers of diagnostic assays. Preparation of target 
nucleic acid sequences from specimens in the same reaction 
vessel is also possible. 

Identification and quantification are preferably by means of 
a tag introduced during amplification. 

For example, the process may be as follows: Nucleic acid 
sequences (or derivatives or analogues), amplified by any 
means in solution and carrying an introduced tag to enable 
detection, are captured during or after the amplification 
process by a complementary solid phase capture probe (as 
described above) present in the amplification reaction 
vessel. The captured nucleic acid sequence (or derivative or 
analogue) is then identified and quantified by means of the 
introduced detector tag. 

Although it is preferable for amplification, capture, 
detection and quantification to occur in the same reaction 
vessel, it is also possible for detection and quantification 
to take place in a second reaction vessel. In the first 
reaction vessel, the nucleic acid sequence is amplified and 
tagged in solution, and the product is captured on a solid 
phase added prior to commencement of amplification (e.g. 
dipstick or beads - paramagnetic or non-magnetic) carrying a 
capture probe, incapable of participating in the 
amplification process. The dipstick, or suchlike solid 
phase, is then transferred to a second reaction vessel, where 
detection and quantification of the captured product takes 
place. This may prove advantageous in specific 
circumstances, e.g. colorimetric detection of specific 
nucleic acid sequences by isothermal amplification, capture 
of tagged (e.g. biotinylated) products via dipstick-solid 
D hase probe in the first vessel and, in a second vessel, 
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visual colorimetric detection via avidin-horseradish 
peroxidase . 

nFT&TTiED DF^RTPTTON O F ™* TMVENTION 

The present invention will now be described in more detail, 
and with respect to specific embodiments. It should be noted 
that these specific embodiments are presented as 
illustrative, but not restrictive, of the present invention. 

The various stages of the urnTTFNTTAT, NUCLEIC ACID, 
ampt.tftp&TTON »"n r.p^TPF. f SNftAC ) PRQCEgfi are as follows: 

lt pofflfTfiTOK OF g^.Tn PHASE PftPTTIRE PROBE,. 




Capture probe 



^ Reaction vessel 



Extended arm of capture 
probe 



The reaction vessel comprises a solid phase capture probe 
which is incapable of participation in nucleic acid 
amplification. For example, the capture probe is covalently 
linked to the inside surface or wall of the reaction vessel 
via its 3 '-end, or the 3 '-end is modified such that it cannot 
participate in polymerase mediated amplification. The 5 '-end 
lacks a phosphate and, therefore, the capture probe cannot 
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participate in LCR (ligase chain reaction). 

Instead of being attached to the wall of the reaction vessel, 
the capture probe can be attached to solid phase material 
(e.g. paramagnetic or non-magnetic beads, dipstick etc*) 
which is immersible into the reaction vessel. Such solid 
phase material is added prior to commencement of 
amplification . 

2. NUCLEIC ACID SEQUENCE AMPLIFICATION AND TAGGING 



3'* 



Nucleic Acid 
Amplification 
with product 
tagging 




Target nucleic acid sequence 
added 



Single or double stranded 
amplified product - 



A sample, either comprising or suspected of comprising the 
target nucleic acid sequence, is added to the reaction 
vessel. The target nucleic acid sequence may comprise either 
DNA or RNA. 



Any amplification process, e.g. PCR, LCR f NASBA, 
replicase based amplification, SDA or other amplification 
process, is carried out, to both amplify the nucleic acid 
sequence and introduce a detector tag into the amplified 
product. The detector tag is, for example, a biotin group 
(labelled as b in the diagram above), which is introduced via 
a biotinylated primer oligodeoxynucleotide sequence or 
analogue capable of being incorporated into the nucleic acid 
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product during amplification (e.g. biotin dUTP). Other tags, 
such as fluorophores or europium chelates, can also be used. 
The product is a single or double stranded amplified nucleic 
acid product carrying a tag (e.g. biotin or a f luorophore) . 

3. DENATURATION OF AK PT'TFTED PRODUCT 



111 




At completion of amplification, the tagged double stranded 
nucleic acid sequence (or derivative or analogue) is 
denatured (e.g. by heat) to give a single stranded form. 
This step is omitted for amplified (or non amplified) tagged 
single stranded nucleic acid sequences (or derivatives or 
analogues), such as produced by asymmetric in vitro 
amplification processes. 

In the diagram above, (-) signifies the tagged product strand 
comprising a sequence complementary to the sequence of the 
capture probe, signified as (+). 
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4 . SOLID PHASE CAPTURE OF TAGGED AMPLIFIED PRODUCT 




tag ??^ a ?gi ified nucleic 
acid sequence 

capture probe 



The reaction mixture is cooled, preferably to optimal 
annealing temperature, thus resulting in the tagged amplified 
nucleic acid sequence being captured by the capture probe 
(via standard AT and GC pairings, and including non standard 
pairings). Non-captured materials are then washed out of the 
reaction vessel. 



Preferably, the capture probe hybridises to a central section 
of the amplified nucleic acid sequence - away from any primer 
or primer complementary nucleic acid sequences. Thus, primer 
dimers - often formed during PCR - do not give false 
positives. For LCR, capture occurs across the ligase joined 
oligodeoxynucleotides . 

The capture probe may need to be approximately 15 nucleotides 
in length, to avoid hindering solution phase nucleic acid 
amplification. It should be noted, however, that optimal 
capture probe length remains to be determined. Indeed, it is 
probable that long capture probes may be useful, as they are 
unlikely to significantly interfere in amplification because 
of their solid phase character. 

Nucleic acid amplification processes which give an excess of 
one of the product strands are preferred. This minimises 
competition between the capture probe, designated (+), and 
the (+) strand of the amplified product for hybridisation to 
the target (-) amplified product strand. Possible 
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amplification processes include asymmetric versions of PCR 
and asymmetric LCR, NASBA and SDA - replicase based 

methods give predominantly single-stranded product. 

5. PRODUCT IDENTIFICATION AND QU ANTIFICATION 




Europium labelled avidin 



biotin tagged amplified nucleic 
acid sequence 



capture probe 



Various standard methods can be used to identify and quantify 
the biotinylated captured product. 

For example, the biotinylated captured product can be reacted 
with Europium labelled avidin or streptavidin, and time 
resolved fluorescence methods can then be used to identify 
and quantify the amount of Europium (see the diagram above). 

Alternatively, the biotinylated captured product can be 
reacted with avidin-horseradish peroxidase, and 
spectrophotometric methods can then be used to identify and 
quantify the coloured product produced on addition of 
peroxidase substrate. 

Other detection methods can also be used, e.g. fluorescence 
where b is a fluorescent tag, instead of biotin, and 
especially tags consisting of heat stable europium chelates 
with the amplification primer (Dahlen et al, 1991, Molecular 
and Cellular Probes, £, 143). 
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Various aspects of the SNAAC process will now be described in 
more detail, with reference to particular embodiments: 

CAPTURE PROBE SPECIFICATIONS 

The capture probe is a totally or partially single-stranded 
nucleic acid sequence (or derivative or analogue) which is 
present in the reaction vessel, either attached to the 
reaction vessel surface or to added material (e.g. 
paramagnetic or non-paramagnetic beads, dipsticks etc.). The 
capture probe is incapable of participation in the 
amplification stage. For example, it may be a capture 
oligodeoxynucleotide in which the 3 '-end is chemically bonded 
to the wall of the reaction vessel or bonded to solid phase 
material added to the reaction vessel (e.g. paramagnetic or 
non-paramagnetic beads, dipsticks etc.), and being capable of 
capturing, via complementary pairing (of the standard AT and 
GC pairings, and including non-standard pairings), totally or 
partially single-stranded, amplified RNA or DNA sequences (or 
derivatives or analogues, or sequences which are non- 
amplified but labelled with a detector tag), which carry an 
introduced tag to enable detection. Double-stranded 
amplified nucleic acid sequences are denatured prior to 
capture. For LCR, both 5' and 3' ends of the capture probe 
are rendered non-ligatable . The 3' end is blocked as 
described above, while the 5' end of the capture probe is 
rendered incapable of ligation e.g. via lack of a 
5 ' -phosphoryl group or presence of any of a wide variety of 
5' substituents (such as 5 '-amino link or 5 '-thiol). 
Alternatively, linkage to the solid support through the 5' 
end would also serve the same purpose. The 3' end would also 
be blocked via the above methods . 

In summary, the capture probe comprises: a product capture 
nucleic acid sequence, a 3 '-terminus which is rendered 
unavailable for participation in any In vitro amplification 
process by the presence of a 3 ' -amplification blocking group, 
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and a nucleic acid spacer arm between the capture sequence 
and the point of attachment to a solid phase linker which is, 
in turn, attached to a solid support (such as a reaction 
vessel surface) . 

1. Solid Supports 

The solid support material can be, for example, polystyrene, 
polycarbonate, polypropylene, nylon or glass, but the support 
is not limited to these examples. The solid support may be 
the inside surface of the reaction vessel or material (e.g. 
paramagnetic or non-paramagnetic beads, dipsticks etc.) added 
prior to commencement of amplification. It may take the form 
of e.g. : 

(a) Microtitre trays composed of any plastic (e.g. 
polystyrene or polycarbonate) , including tube assemblies 
(such as the 96 tube array) of Perkin Elmer Cetus for the 
GeneAmp PGR System 9000, standard 96 well (8 x 12) microtitre 
trays, such as Covalink trays (Nunc) which carry methylamino 
groups, standard microtitre trays chemically modified by 
nitration and reduction (or other chemistries) to generate 
amino groups on the inside surfaces of the wells, and similar 
trays modified for temperature cycling (i.e. thin-walled and 
capable of being sealed) . 

(b) Individual test tubes suited for nucleic acid 
amplification, preferably with individual sealing enclosures, 
but also with other means of sealing (e.g. adhesive plastic 
strip) . The test tubes may be part of a kit, and fit into 
regularly spaced apertures in an arrangement similar to a 
microtitre tray (e.g. 96 well, industry standards 8 x 12 
form) , 

(c) Microtitre tray lids with protrusions which fit into 
microtitre trays, e.g. Fast Elisa dish - Falcon. 
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(d) Paramagnetic or non-paramagnetic beads, e.g. Affigel- 
Pharmacia. Also, Abbott bead system and paramagnetic beads, 
e.g. Dyna beads (Dynal, Oslo, Norway). 

(e) Dipsticks - for rapid applications, e.g. suburban and 
country medical practices, and in diagnostic field work. 

These all offer the potential for high volume diagnostic 
applications for Sequential Nucleic Acid Amplification and 
Capture (SNAAC), especially if isothermal (single 
temperature) amplification is used. 

2 . Solid Phase Linker 

Linkage of the capture probe to a solid support can be via 
absorption or, preferably, via covalent bonding. The latter 
will withstand the high temperatures required by some nucleic 
acid amplification processes (e.g. the 94°C step in PGR). 

A wide variety of solid phase linkers can be used. These are 
formed by reaction of a solid support having any of a range 
of functionalities (see below) and reactive linking groups of 
the capture probe. 

Examples of solid supports (SS) with functional groups for 
covalent attachment of capture probes are given below: 

( a ) SS-S0 2 -NH- ( CH 2 ) n ~NH 2 
(n = 0-8) 

(b) SS-NH 2 

(c) SS-NH-CO-CH 2 -I(or Br) 

(d) SS-C0 2 -NHS 

(NHS = N-hydroxysuccinimide) 

(e) SS-CHO 

(f ) SS-CH 2 -0-tresyl 

(g) SS-SH 
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This list is exemplary only, and is not exhaustive (see 
S. Wong, "Chemistry of Protein Conjugation and Cross 
Linking", CRC Press, 1993 

Illustrative (non-exhaustive) examples of capture probes with 
chemical linking groups and methods for coupling to the above 
solid supports include: 

(i) 5' or 3 ' -phosphoryl capture probe (or internal 
phosphoryl group) will link to (a) or (b) above in the 
presence of a water soluble carbodiimide (e.g. l-ethyl-3- ( 3- 
dimethylaminopropyl ) -carbodiimide , EDC ) . 

(ii) 5' or 3' or internal thiol derivatised capture probe 
will directly link to (c) above. 

(iii) 5' or 3' or internal amino derivatised capture probe 
will link to (d) or (e) or (f) (reduction is required 
following reaction with (e)). 

(iv) 5' or 3' or internal carboxyl-NHS derivatised capture 
probe will linked to (a) or (b) above. 

(v) 5' or 3' or internal amino iodoacetyl (or bromoacetyl) 
derivatised capture probe will link to (g) above. 

These examples are not limiting. 

3. Nucleic Acid Spacer Arm 

This may be up to 150 nucleotides in length and be of any 
composition (including natural deoxy- or ribonucleotides or 
their phosphorothioate or methyl phosphonate derivatives). 
It may comprise, in part, a palindrome which forms a double- 
stranded "snap back" region containing a unique and perhaps 
rare restriction site (e.g. Not I or Sfil). The latter 
allows cleavage of any solid phase amplified and captured 
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product for subsequent characterisations. 
4 ♦ Probe Capture Sequence 

This may be 12-150 nucleotides in length (optimally 12-18 
nucleotides) and complementary to a section (amplified 
product target site) of one strand of the amplified nucleic 
acid product. The product target site is a sequence in the 
length range of 12-150 nucleotides (optimally 15-18 
nucleotides), but not limited to these examples. The product 
target site is away from primer sequences and their 
complements. However, for methods where the amplified 
product is formed only from the primers (e.g. Ligase Chain 
Reaction, LCR) , then the product target sequence will be in 
part of one strand of two joined primers and will span across 
the joining point. The capture probe and capture conditions 
will be such as to only allow capture of the amplified 
product (comprising the detector tag) and not allow capture 
of the original primer carrying the detector tag. 

Probe 3 '-amplification blocking group 

Oligodeoxynucleotide capture probes which cannot participate 
in nucleic acid amplification processes can be prepared in 
various ways, including (but not limited to) the methods 
described below. 

For oligodeoxynucleotide capture probes, the 3 '-end must not 
comprise a free 3'-hydroxyl group (or biologically equivalent 
group) as these may participate in polymerase based 
amplification processes. Similarly for LCR - preferably, the 
5 '-end should not contain a 5 ' -phosphate, as this may 
participate in ligation. 

The 3' -end of the capture probe is modified to prevent it 
from participating in nucleic acid amplification. This can 
be accomplished in two general ways - the first giving rise 
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to Type I capture probes, and the second giving rise to Type 
II capture probes. 

Type I capture probes 

These are linked to solid supports through the 3 '-end. Such 
linked capture probes cannot participate in polymerase 
mediated amplification. One example of the preparation of a 
Type I probe is the linking, via a water-soluble 
carbodiimide, of a 3 ' -phosphoryl capture probe to a solid 
support carrying primary or secondary (e. g . -NH-CH^ ) amino 
groups • 

Type II capture probes 

These are probes which are linked to solid supports via the 
5 '-end of the probe. Currently available automated nucleic 
acid synthetic chemistries favour the 5 ' -modification of 
oligonucleotides. For example, 5 '-amino linked and 
5'-thiolated derivatives of oligonucleotides can be readily 
synthesised and subsequently linked to solid supports (see 
examples above). However, the free 3 '-end of the capture 
probe should be prepared in a form which prevents its 
participation in nucleic acid amplification. Prevention of 
the participation of the capture probe in in vitro 
amplification by blocking the 3 '-end of the probe is a 
crucial novel and useful feature of the Sequential Nucleic 
Acid Amplification and Capture (SNAAC) process. It allows 
the capture probe to be included in the same reaction tube as 
that in which the nucleic acids are amplified. The 
subsequent one tube amplification and product detection assay 
offers considerable saving of operator time and offers 
reduced contamination of the laboratory with amplicons. 

Examples of 3'- blocking modifications are listed below: 
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(i) A short nucleic acid extension at the 3 '-end to give a 
sequence which is non- complementary to the input target 
nucleic acid sequence (which is to be amplified by the SNAAC 
process ) . 



CAPTURE OF BIQTINYLATED AMPLIFIED 
fjl i q PIC ACID BY SNAAC PROBE 



1 . Solid 
Support 



2. Solid phase 
linker 




One strand of amplified nucleic 
acid product - captured by 
hybridisation to probe capture 
sequence i 



I I I I I I 



3 . Nucleic acid 
spacer arm 



4. Probe capture 
sequence 



-|- Biotin - 5' 



5 . Probe 3' amplification blocking 
group. e.g. non - complementary 
nucleotide sequence extension 
prevents participation in 
amplification 



Other examples include: 

(ii) The presence of a 3 ' -phosphoryl group. 

(iii) The presence of a 3'-dideoxy terminator nucleotide, 
e.g. ddTMP or other dideoxy terminator (added by terminal 
transferase and ddTTP). 

These examples are non-exhaustive. In fact, any 3 '-chemical 
group, which is not accepted by DNA polymerases as a priming 
site for DNA synthesis, can be used. 

Specific examples of capture probe preparation, which are 
illustrative but non-limiting of the invention, are described 
in more details below. 



| SUBSTITUTE SHEET 
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^P^^nn of ~ r «-~ «m^B with a V -end snhst.ituent to 
onahle co u pling to «="1iri phases 

Probes without an available 3 ' -hydroxyl , e.g. those linked 
via the 3 '-end, cannot participate in polymerase-dependent 
DNA amplification. 

Vr ~ r —+ tnn of nat ure Probes with a V- phosphoryi 
group 

DMT-ESE-0 J) S X 

+ HO-X-I CPG ) 



(iProp) 2 N 0 

CNEt 

dimethoxytrityl-ethyl-sulphonylethyl 
-cyanoethyl-phosphoramidite 

Coupling in automated 
DNA synthesizer 

DMT-ESE-O-P-X-^CPG^ 
I 

CNEt 

In the above reaction scheme, 

DMT = dimethoxytrityl 

ESE = ethyl-sulphonylethyl 

iProp = isopropyl 

CNEt = cyanoethyl 

X = spacer arm 

CPG = control pore glass (or other solid support) 



j SUBSTITUTE SHEET 
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The spacer arm X can be a variety of chemical substances, 
including any deoxynucleotide with free 5' -hydroxy 1 (e.g. 
thymidine) and linked via the 3'-hydroxyl to the CPG support, 

After the above coupling reaction, the DMT (dimethoxytrityl) 
group is removed and synthesis continues by standard 
phosphoramidite chemistry (automated). For example, after 
the first addition of protected dinucleoside phosphoramidite, 
the following product is formed: 




B = base (i.e. A,C,G or T) 

D = deoxyribose 

DMT = dimethoxytrityl 

X = spacer arm 

CNEt = cyanoethyl 

ESE = ethyl-sulphonylethyl 

Y = base protecting group 

CPG = control pore glass (or other solid support) . 

Further deoxynucleoside phosphoramidites are added to 
complete the assembly of the protected 3 ' -phosphorylated 
capture probe. 
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The final protected oligodeoxynucleotide capture probe, 
linked to CPG, has the following form: 



Base labile bond 




r 

Final 3" phosphorytated capture reagent 

,capturs spacer ana 10-20 nucleotides 

15-30 nucleotides "^^^ 



/ ' \ t ^ * 





DMT 


= dimethoxytrityl 


B 1' B 2 


etc. = base (i.e. A,C,G or T) 


D 


= deoxyribose 


X 


= spacer arm 


P 


= phosphoryl 


CNEt 


= cyanoethyl 


ESE 


= ethyl-sulphonylethyl 


Y 


= base protecting group 


CPG 


= control pore glass (or other solid support) 



N.B. Simpler chemistries for 3-phosphorylation are 
theoretically possible. 
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The capture probe is then covalently linked to the wall of 
the reaction vessel (or bead or dipstick), e.g. the probe is 
linked through the 3 » -phosphoryl group via l-ethyl-3-(3- 
dimethylaminopropyD-carbodiimide (EDC) to polystyrene or 
polycarbonate (or other material) microtitre wells which are 
derivatised with primary or secondary (e.g. Covalink trays) 
amino groups . 

Similarly, capture probes carrying a 3'-amino or a 3 '-thiol 
group can be covalently linked to surfaces derivatised with 
carboxyl groups (N-hydroxysuccinimide activated) or 
bromoacetic acid respectively. 

c.^h nnv.d v — Hio.WPd capture prpbes, can be prepared 
as follows: 




*38 *39 



B 40 



p D p D p " 3 ' 



5 ' -Phosphoryl group 
enables linkage to 
solid supports, 
e.g. linkage via EDC 
to solid supports with 
covalently attached 
amino groups. 



Dideoxynucleotide (introduced via 
terminal transferase and a 
dideoxynucleotide triphosphate) 
caps 3 '-end of capture probe, lacks 
3' -hydroxy 1 group and prevents 
participation of capture probe in 
polymerase-mediated nucleic acid 
amplification processes. Other 3'- 
terminal modifications which prevent 
involvement in amplification are 
also possible (see later). 



B , B 9 etc. = base (i.e. A,C,G or T) 

1 ^ 
D = deoxyribose 

p = phosphoryl 

dD = dideoxyribose . 
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-thiol aroup terminated probes 
Similarly, 5 '-amino group or 5 -thiol gr V 

can be covalently linked to solid supports which have 
covalently attached carboxyl groups (N-hydroxysuccimmide 
activated) or bromoacetyl groups respectively. 

There are other 3 < -substituents which render the solid phase 
capture probe incapable of participating as a primer in 
amplification of target nucleic acid sequences (see list 
below) . 

r^nfiral Formula 

3* -end modified to prevent participation in amplication 

A 5; ^(Solid Phase) 

capture probe ^ t 

Extension ana covalent or other 

stable link 



For example, R can be any of the following (list not 
exhaustive) : 

p = 3'- oligodeoxvnucleoride extension which is not • 

compkmcntarvtothetarga,Le.docsnotaaasapnmcrfor 

substrate (e.g. for LCR)* * 
(tj) r = 3'- amino link. 

(c) R = J- phosphoryl group. 

(d) R = 3'-biorin. 

(e) Other modifications are also P°""> le - q 
Other nr-° ^riants are possible, e.g. 

phns phoro* ^ capture probes: 




Bi B 2 B 3 

I 

Rl - D 



B 40 
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B 2 etc. = base (i.e. A,C,G or T) 
D = deoxyribose 
p = phosphoryl 
p = phosphorothioate group 

s 

Rl = 5' -hydroxy 1 group and R2 = 3 ' -phosphoryl group, 
for example. 

The phosphorothioate capture probe variants may offer 
advantages, e.g. resistance to degradation during workup of 
the specimen to extract the target nucleic acid sequence in 
the reaction vessel, prior to nucleic acid amplification. 

NTTCT.EIC A<"Tn AMPLIF ICATION 

The SNAAC process of the present invention is applicable to 
any method of nucleic acid amplification. Examples of types 
of in vitro Nucleic Acid Amplification processes, in which 
SNAAC may be utilised, are as follows: 

(a) PCR (Polymerase Chain Reaction) 

(b) LCR (Ligase Chain Reaction) 

(c) NASBA (Nucleic Acid Sequence Based Amplification), using 
RT/RNAase H/T ? polymerase (wherein RT=reverse transcriptase, 
RNAase H=ribonuc lease H, t ? polymerase = T ? bacteriophage RNA 
polymerase). 

(d) QBRDA (Q/5Replicase Dependent Amplification). 

(e) SDA (Strand Displacement Amplification). 

SNAAC is applicable to both standard amplification processes 
of PCR, LCR, NASBA, QBRDA and SDA and modifications - 
particularly those which produce a preponderance of one 
amplified product nucleic acid strand (i.e. asymmetric 
amplification versions). The preponderant strand produced 
must be that which is complementary to the capture probe. 
( N . B . QBRDA produces a single-stranded RNA product.) SNAAC 
•is applicable to PCR, for example, in the form of standard 
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PCR (to give a double-stranded DNA product), nested PCR (3 or 
4 primers) and asymmetric PCR versions (which give a 
preponderance of one amplified strand, complementary to the 
capture probe) . 

The principles of PCR, LCR, NASBA QBRDA and SDA amplification 
methods are described below: 

(a) PCR (Polymerase chain Reaction) 

See R K Saiki et al, "Enzymatic amplification of 
p> -globin genomic sequences and restriction site 
analysis for diagnosis of sickle cell anaemia", Science 
230 , pp 1350-1354, 1985. 



WO 94/02634 



PCT/AU93/00379 



24 



denarurarion 



annealing of primers 



synthesis of DNA 



end of PCR cycle 1 



S 

y 
y 



B 



y _!_ 



y 
s 



denature 94° C 
3" 

5* 



. target DNA 



DNA strands separate 



primers 1 and 2 bind (40 - 60°Q 



5^ 




72°C 

Taq poiymcase + dNTPs 
(dATP, dCIP, dGTP, TIP) 
Allows synthesis of DNA 



Amount of DNA AB has 
doubled 



(1) Denamre94°C 

(2) Cool to 40-6CPC - allows primers 
to bind 



72°C - Allows synthesis of DNA 



end of PCR cycle 2 



end of PCR cycle 25 



Amount of DNA AB has 
s increased 4 fold 
-First AB length DNA is 

generated in cycle 2 

This rapidly amplifies 

in later cycles 



... ( 



' r of fragmen * 



.fixation 
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(b) LCR (Lipase Chain Reaction) 

See F Barany, "Genetic disease detection and DNA 
amplification using cloned thermostable ligase", Proc 
Natl Acad Sci USA 88 , pp 189-193, 1991. 
A B 



denanffarion 



annealing of pnoen 
lipnoo 



endof LCR cycle 1 



end of LCR cycle 2 



t-1 — r 



, r 



s 

3* 



denuurt 94* C 
3* 



targe* DNA 



cool t> 40"-60*C to allow 4 " primal" v> 
bwd-nrimeri 1 and 3 carry a 
5"-phospboryi group 



7 * * 

t 3 

3 4 



TternoaablcUnse 
joins prmifJi 





(1) 




(2) 


1 





Amount of AB 
DNA has doubled 



Dmimre 94«C 

Cool to 4O-60°C - allows pranen 
to bind 



3' 
S 



7 r 

1 2 



3 4 

r r_ 



7 F * 

i a 

J 4 
7 F_T 



5 1 

. 3' 



Ligation 



-Amount of AB DNA hu 
quadrupled 
AB DNA increases 
/ rapidly in subsequent 
cyclei 



>10 told ajnplif lemtion 
of AB DNA fragment after 
2? - 30 cycles 
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( c ) 

NASBA INucleic A c^ Sequence Based ftmpl : f icat i pnl 

See J Guatelli et al, "Isothermal in vitro amplification 
of nucleic acids by a multienzyme reaction modelled 
after retroviral replication", Prog Hail A£L2£ SjlI USA 
12, pp 1874-1878, 1990. 



Step i 
2 
3 







|jpnm«f© ^ 


r 









JX rma (sense strand) 



RNA 
ONA 
RNA 



| RNast H ^ if DNA is used as a target, 

a^n/s\«... — i RNA then the original strand is 

■ ona removed by denaturation. 

O i c-«m.rff> Replacement of RT and 

0NA RNa8C H 18 11150 required * 
_ j " % ONA 

I RT 

5* I I ONA 

ONA 



Double-stranded cDKA ^ ^ 



7 
8 



5' primer© 



RNA (anusansa) 



10 



11 



T7 RNA 
polymerase 



t 



RNase H 



ONA 
RNA 



ONA 
RNA 



ONA 



vs/v^vvv RNA 
| J primer 0 



ONA 
ONA 



12 



ONA 



Strategy of NASBA scheme. The reaction depends on a 
continuous cycle of reverse transcription and transcription 
reactions to replicate an RNA target by means of cDNA 
intermediates. DNA targets can also be amplified. Primers 1 
and 2 prime DNA synthesis and Primer 1 encodes the promoter 
seauence for the T7 RNA polymerase (black boxes). Steps 1-6 



WO 94/02634 



27 ' 



PCT/AU93/00379 



depict the synthesis of a double-stranded cDNA, which is 
a transcription template for T7 RNA polymerase. 
Complete cDNA synthesis is dependent on the digestion of 
the RNA in the intermediate RNA.DNA hybrid (step 4) by 
RNase H. Transcription-competent cDNAs yield antisense 
RNA copies of the original target (step 7). These 
transcripts are converted to cDNAs containing double- 
stranded promoter on one end (steps 7-12). 

These cDNAs yield antisense RNAs, which can re-enter the 
cycle. Thin lines, RNA; thick lines, DNA; RT, reverse 
transcription. 

(d) Of? Replicase Dependent Amplification 

See P M Lizardi et al, "Exponential amplification of 
recombinant - RNA hybridization probes", Big /Technology 
6, pp 1197-1202, 1988, 

F R Kramer and P M Lizardi, "Replicatable RNA 
reporters", Nature 339 . pp 401-402, 1989, and 

P M Lizardi and F R Kramer, "Exponential amplification 
of nucleic acids: new diagnostics using DNA polymerases 
and RNA replicases", TIBTECH (Elsevier Science 
Publishers Ltd., UK) £, pp 53-58 (1991). 
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replicase-replicable RNA reporter based methods rely on 
either target dependent synthesis of replicatable RNA 
reporters, using three PCR cycles and T7 polymerase, or on 
repetitive cycles of target dependent sandwich capture and 
release of replicatable RNA reporters from paramagnetic 
particles. The replicatable RNA reporter produced by either 
of these methods is amplified as follows: 



A replicase molecule (stippled) binds to a single-stranded 
RNA, and a complementary single-stranded RNA molecule is 
generated by copying and release. The parent and daughter 
strands both participate in new cycles of binding, copying 
and release. Therefore , amplification is exponential - in 
the presence of excess replicase, the number of strands 
doubles with each cycle 




Replicatable 
RNA reporter 
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of synthesis. Up to 10 8 fold amplification of the 
replicatable reporter occurs in 30 minutes. 

(e) snA fStranH Displa cement Amplification). 

See G T Walker et al, "Strand displacement amplification 
- an isothermal, in vitro DNA amplification technique", 
«nr. Acid Res. 20, pp 1691-1696, 1992. 



denature target 
bind primers 



■7' 



primer extension and 
displacement by exo— 
klenow using dGTP » 
dCTP, TTP and dATP«.S. 



S.-ex: 
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n/ 



bind opposite primers 
in S^-ext and S 2~ ext 



5v 



primer extension and 
displacement by exo- 
klenow 



N/ 



binding of opposite 
primers 



extension by exo— 
klenow 



<4 



To next page 
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Target generation scheme for SDA. This figure depicts 
the initial steps in an SDA reaction which transform the 
original target sequence into the amplification cycle 
depicted. A target DNA sample is heat denatured. Four 
primers (B^ B 2 , S 1 and S 2 ) present in excess, bind the 
target strands at positions flanking the sequence to be 
amplified. Primers S 1 and S 2 have Hindi recognition 
sequences (5 5 'GTTGAC) located 5' to the target complementary 
sequences. The four primers are simultaneously extended by 
exo" klenow using dGTP, dCTP, TTP and dATPS. Extension of B 1 
displaces the S 1 primer extension product, S^ext. Likewise, 
extension of B 2 displaces S 2 -ext. B 2 and S 2 bind to 
displaced S^ext Bj and S 1 bind to displaced S 2 ~ext. 
Extension and displacement reactions on templates S^ext and 
S 2 -ext produce two fragments with a hemiphosphorothioate 
Hindi at each end and two longer fragments with a 
hemiphosphorothioate Hindi site at just one end. Hindi 
nicking and exo~ klenow extension/displacement reactions 
initiate at these four fragments, automatically entering the 
SDA reaction cycle depicted. Sense and antisense DNA strands 
are differentiated by thin and thick lines. Hindi 
recognition sequences are depicted by . 
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5' T, 



(From previous pagi)/ 



polymerize using * 
t dGTP. dCTP. TTP 
*nd dATPtaS) 




hybridize SDA primers to displaced strands 



The SDA reaction cycle. These reaction steps continuously cycle dunne 
the course of amplification. Present in excess are two SDA primers (S, and S,f 
The 3 -end of S, binds io the 3'-end of (he displaced target strand T„ forming 
a duplex with 5 r -ovcrhangs. Likewise, S z binds T 2 . The 5'-ovcrhangs of S, and 
Sj.conuin the Hinc II recognition sequence ( r GTTGAC). Exo" Wenow extends 
the J '-ends of the duplexes using dGTP. dCTP. TTP and dATPS, which produces 
hcmiphosphorofhioafe recognition sites on S,-T, and S z -T z . Hincil nicks the 
unmodified primer strands of the hemiphosphorothioate recognition sites, leaving 
intact tte modified complementary strands. Exo" klenow extends the 3'-end ai 
the nick on S, -T, and displaces the downstream strand that is equivalent to T t . 
Likewise, extension at the nick on S^T Z results in displacement of T,. Nicking 
and polymerization/displacement steps cycle continuously on S f -T ( .and S^T. 
because extension at a nick regenerates a nickablc Hindi recognition site. Target 
amplification is exponential because strands displaced from S,'T, serve as target 
for S t while strands displaced from S 2 -T x serve as target for S,. Sense and 
anusensc DNA strands arc differentiated by thin and thick lines. Intact and nicked 
Hindi recognition sequences are depicted by and 
respectively. The partial Hindi recognition sequence ^GAC and its complement 
GTC are present at the 5 - and 3 '-ends of displaced strands as represented by 
ft- and — ■ . 
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The type of nucleotides comprising the capture probe can 
include any which are capable of specifically hybridising to 
an amplified nucleic acid product. These include: 

(i) Standard DNA nucleotides or their phosphorothioate or 
methyl phosphonate derivatives. The latter two classes of 
derivatives may be preferred due to the resistance to 
nucleuses of nucleic acid sequences composed of these 
derivatives . 

(ii) Standard RNA nucleotides or their phosphorothioate or 
methyl phosphonate derivatives . 

(iii) For positions where the product target sequence may 
vary, the capture probe may comprise a non-standard chemical 
entity which will hybridise to all possible target sequences, 
e.g. one or more IMP or dIMP (or phosphorothiocate or methyl 
phosphonate derivative residues) may be included in the 
capture section of the capture probe. Alternatively, several 
probes of different sequences (or comprising mixed sequences) 
can be used in a single SNAAC assay. 

DISCRIMINATION BY CAPTURE PROBE 

Where normal and/or mutant sequences are amplified, the 
capture probe can be designed and used to discriminate (via 
hybridisation or not) between two or more different 
sequences. For example, capture probe N in one SNAAC assay 
will only capture the normal amplified sequence, while 
capture probe M in another SNAAC assay will only capture the 
mutant amplified sequence. Alternatively, where two or more 
amplified products of different sequence are formed, the 
capture probe is modified to comprise chemical entities which 
will bind to and capture either or any of the possible 
amplified sequences produced. Examples of such capture probes 
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include these comprising one or more residues of IMP or dIMP 
(or phosphorothiate or methyl phosphonate derivatives). 
Inosine forms complementary pairs with A, C, G or T. 
Alternatively, multiple probes can be prepared and used 
collectively (i.e. in one assay) in solid phase form for the 
capture of any of the possible amplified product nucleic acid 
sequences . 

AMPLIFIED NUCLEIC ACID LABELS 

Exemplary detection systems include fluorescent labels , time 
resolved fluorescent labels, biotin, avidin, streptavidin, 
radiolables, enzymes, dyes, intercalators and rare earth 
metals, for example: 

(a) Fluorescent labelling and detection 
Source of fluorescent label: 

(i) Fluorescent primer, e.g. f luorescein-primer . 

(ii) Fluorescent derivatives of ribo- or deoxyribo- 
NTP's (substrates for RNA and DNA polymerases, 
respectively) . 

SNAAC Product: Fluorescently labelled nucleic acid, 
captured by a solid phase capture probe. 
Detection System: Fluorescent plate reader or other 
fluorescence detection system. 

(b) Biotin labelling and detection 
Source of biotin label: 

(i) Biotinylated primer. 

(ii) Biotinylated dNTP's, e.g. biotinylated dATP . 
SNAAC Product: Biotin labelled nucleic acid, captured 
by a solid phase capture probe. 

Detection Systems : 

(i) Europium labelled avidin/streptavidin, with 
quantification of 

Europium by time resolved fluorescence 

spectroscopy . 
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(ii) Avidin/streptavidin - horseradish peroxidase, with 
quantification of the resulting coloured product 
by spectroscopy (e.g. plate reader) . 

(iii) Avidin/streptavidin - alkaline phosphatase, with 
quantification of the resulting coloured or 
fluorescent product by standard or fluorescent 
spectroscopy. 

(c ) Other labelling and detection systems, e.g. rare earth 
metals 

Nucleic acid labels include rare earth labelled primers 
which can survive the elevated temperatures required in 
some of the nucleic acid amplification processes (e.g. 
94°C in PCR) . 

APPLICATIONS 

The methods of the present method can be used in any 
situation where it is necessary to test for the presence 
of particular nucleic acid sequences, identify and/or 
quantify such sequences. Accordingly, the possible 
applications are many and varied. 

The following are a few examples of such applications: 

1. Pathogen Detection. 

Detection of viruses (HIV, hepatitis viruses, 
papilloma) . 

Detection of microorganisms (Mycobacteria, Legionella, 
Mycoplasmas ) . 

(Applications in clinical medicine, veterinary science, 
aquaculture, horticulture and agriculture.) 

2. (a) Detection of sequence variations which cause or are 

associated with a disease or are genetically linked 
to a disease locus . Examples cover genetic 
diseases and cancer. 
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e.g. Point mutations 



(Restriction Fragment 
Length Polymorphisms ) 



RFLP ' s 



Sequence reiteration 



Large deletions 



Small deletions 



Sickle cell anaemia, 
phenylketonuria, Lesch 
Nyhan syndrome. 
Cystic Fibrosis ( F508). 
^-thalassaemia, Duchenne 
muscular dystrophy. 
Fragile X. 

Huntington's chorea, 
^S-thalassaemia, cystic 
fibrosis . 



(b) Population screening for carriers of serious 

genetic diseases, where the incidence of carriers 
is high and the number of mutations is low, e.g. 
cystic fibrosis, and Tay Sach's disease in 
Ashkenazi Jews. 

3. Cancer - detection of predisposing sequences, e.g. 
Philadelphia chromosomes in chronic myelogenous 
leukaemia, antibody gene rearrangements, specific 
deletions, point mutations; detection and monitoring of 
treatment, remission and relapse. 

4. Tissue typing - determination of HLA genotypes. 

5. Forensic applications - e.g. VNTR DNA fingerprinting of 
individuals and obtaining DNA fingerprints from forensic 
samples . 

6. Maternity and paternity testing. 

7. Foetal sex determination. 

8 . Taxonomy . 

Classification and speciation of organisms (prokaryotes 
and eukaryotes). At present, speciation of higher 
organisms is largely based on morphological features and 
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thus speciation is extremely difficult - SNAAC has great 
potential here. 

9. Quality control in agriculture and the food and 
pharmaceutical industries, e.g. assessment of 
authenticity of food products. 

ADVANTAGES OF SNAAC OVER PREVIOUSLY KNOWN NUCLEIC ACID 
AMPLIFICATION PROCESSES 

.(a) SNAAC allows single tube nucleic acid amplification, 
amplified product capture and detection, and product 
quantification. (Probably, target nucleic acid sequence 
preparation can also be carried out in the same tube, 
particularly if phosphorothioate or methyl phosphonate forms 
of the capture probe are used.) 

(b) Reduction of false positives due to primer-dimer 
formation. Primer-dimers have the potential to cause 
problems with other solid phase nucleic acid sequence 
amplification methods. In such methods, a false positive 
result will be obtained if a solid phase primer-dimer 
carrying the detector tag is produced. However, with SNAAC, 
primer-dimers will not be captured, as they lack the 
amplified target site - thus, they will not be captured and a 
signal will not be obtained. 

(c) SNAAC allows significant reduction in the spread of 
amplicons and the probability of subsequent contamination of 
other amplification assays to give false positives. With 
SNAAC, there is no need to transfer or pipette amplicons to 
other locations for detection and quantification. The 
following widely used product detection and quantification 
techniques, which pose considerable risk with respect to the 
probability of amplicon spread, are avoided - agarose gel 
electrophoresis; dot blot hybridisation in a second assay 
tube or on a membrane. The amplicons in the final SNAAC 
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washes (carried out just prior to captured product detection) 
can be readily inactivated by deposition in acid, e.g. 1M HCL 
( 1 hour ) . 



This invention may be embodied in other forms or carried out 
in other ways without departing from the essential principles 
thereof. The present disclosure is therefore to be 
considered, in all respects, as illustrative and not 
restrictive of the invention, the scope of which is indicated 
by the appended claims. 

The following examples provide details of specific materials 
and techniques. However, they are exemplary only, and are 
not restrictive of the present invention. 

EXAMPLE 1 

SNAAC was applied to the detection of Mycoplasma fermentans 
strain incognitus - a mycoplasma frequently found in male 
homosexuals and AIDS-positive individuals. The amplification 
technique used was asymmetric PCR and the target was a 138 
base pair section of an insertion-sequence-like element (see 
Fig. 1), (Hu et al, 1990, Gene , £3, P- 67). The PCR primers 
and capture probe (see Fig. 1 for sequences) were synthesised 
by an applied biosystems PCR-MATE DNA synthesiser. 

Derivatisation of microtitre plates with SNAAC capture probe 

Thin-walled polycarbonate plates (HYTR3MT, Integrated 
Sciences, Sydney, Australia), with the supporting side 
flanges cut of, were covalently derivatised with the 
oligodeoxynucleotide SNAAC capture probe. 

Beneze moieties of the polycarbonate well surfaces were 
nitrated with acetyl nitrate and then reduced with either 
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stannous chloride or sodium dithionite to give aminated 
surfaces. The SNAAC capture probe 5 ' -CATTCTGATCAAGGATGAC- 
TATT-3' comprised a 19 nucleotide section complementary to a 
portion of the biotinylated single-stranded DNA produced by 
asymmetric PCR in the aqueous phase of SNAAC assays, and a 
■ -tetranucleotide tail which was not complementary to the 
PCR product, and which prevents participation of the 
oligonucleotide in PCR (this was confirmed by standard PCR, 
and the lack of a product as determined by agarose gel 
electrophoresis) . 

The capture probe was covalently coupled to the aminated 
surface of wells, using the water-soluble carbodiimide, 
l-ethyl-3-( 3-dimethylamino propyl)- carbodiimide (EDC) . The 
wells were then extensively washed and used for SNAAC. 

Asymmetric PCR conditions 

Each SNAAC (PCR) reaction mixture consisted of lOmM Tris-HCl 

pH 8.3 (at 25°C); 50mM KC1; 0.04% gelatin; 2 . OmM MgCl 2 ; 

200 M dNTP's (Promega); 4 nM PCR primer 1, 

5 ' -GTTAGAAAACGTAGAAGAGAATGGCCACAGC-3 ' ; 400 nM primer 2, 

% ' -biotinyl-CCCTTTCTTGACATGCTTTGAGTTGTTTG-3 ' ( Bresatec , 

Adelaide, Australia); target DNA, amounting to that from 

5,000 organisms; and 2 units of AmpliTag (Perkin Elmer). Oil 

was added, an adhesive seal cover was placed over the plate, 

and cycling, using the conditions given below, was carried 

out in a GeneAmp PCR System 9600 

(Perkin Elmer Cetus). 
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Initial target denaturation 



94°C 



7 min 



Primer annealing 



55°C 



1 min 



Elongation 



72°C 



1 min 45 cycles 



Amplicon denaturation 



94°C 



1 min 



Final capture of single stranded 
biotinylated amplified product 



slow 10 min 

cooling 
from 72 °C 
to 20°C 



At completion of SNAAC, the liquid phase was, in some cases, 
collected and examined (by 2% agarose gel electrophoresis) 
for PCR amplified single-stranded biotinylated DNA product. 
This was found in plus target DNA M. fermentans SNAAC assays, 
but not in minus target DNA control assays (results not 
shown) . 

Detection of captured M. fermentans amplified biotinylated 
single-stranded DNA 



The oil was removed and the wells washed 6x with wash 
solution (0-05% v/v Tween 20, 50 mM NaCl, 6 mM Na 2 HP0 4 , 4 mM 
Na^PO^, pH 7.3). The wells were blocked with skim milk, 
washed, and the captured biotinylated PCR product detected 
using europium-labelled streptavidin according to the 
manufacturer's instructions (Wallac, Oy, Turku, Finland) . 
Eu-streptavidin (40ng/well) in Delfia assay solution was 
allowed to bind briefly to the captured biotinylated DNA 
product, washed, then the bound europium was quantified by 
time resolved fluorescence in an ARCUS 12 30 fluorometer ( LKB- 
Wallac, Turku, Finland). Results are shown in Table 1. 
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Table 1 

SNAAC DETECTION OF MYCOPLASMA FERMENTANS 



SNAAC CONDITIONS 




Assay 






Discrimination 


+ M. ferment ans 
target DNA( A ) 


No target DNA 


factor 

+DNA counts 
-DNA counts 


182,000 counts! 13 ) 


5500 counts 


36 


Run 2 /k\ 
189,000 counts! 13 ) 


5950 counts 


32 



(a) from DNA equivalent to 5,000 organisms. 

(b) background of 1800 counts subtracted from all values. 
All assays carried out in quadruplicate. 
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Table 2 

SPECIFICITY OF MYCOPLASMA FERMENTANS SNAAC ASSAY 



Organism tested 
( Purified DNA) (a) 


Europium counts ( b ) 


M. fermentans 


90 000 


M. gent ia Hum 


4 500 


M. pneumoniae 


3 800 


M. hominis 


2 200 


A. laidlawii A. 


4 300 


E. coli 


3 900 


Human 


4 200 


NoDNA 


3 200 



(a) Mycoplasma DNA equivalent to approximately 10 colony - 
forming units; E. coli and human DNA were tested at 0.5 g of 
DNA. 



(b) Background, 800 counts subtracted. All values are the 
average of quadruplicate measurements. 

The specificity of the M. fermentans SNAAC assay is excellent. 
Only M. fermentans DNA gave a signal greater than the 
arbitrary cut-off of 10 000 europium counts. 
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Table 3 

SENSITIVITY OF MYCOPLASMA FERMENTANS SNAAC ASSAY WITH A 
CLONED TARGET 



M. fermentans cloned 
target number ( a ) 


Europium counts 


10 5 


144000 


10 4 


37500 


10 3 


49300 


10 2 


4330 


0 


6170 



(a) The clone consisted of a 138 bp section of the insertion 
sequence like element of M. fermentans which was amplified 
with the primers depicted in figure 1; restricted with PstI 
and Xbal; cloned in pUC 18 and purified. 



(b) Background 800 counts substracted. All points are 
averages of quadruplicate values. 

The Mycoplasma fermentans SNAAC assay had a limit of 
detection of 1000 organisms. We expect this to be reduced 
after further optimisation of the process. 
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Table 4 

SENSITIVITY OF M.FERMENTANS SNAAC ASSAY WITH CULTURED 
ORGANISMS 



(a) 

M.fermentans concentration 1 
cfu/assay 


(b) 

Europium counts x ' 


10 5 


165,000 


10 4 


95,100 


10 3 


36,500 


10 2 


9,590 


0 


6,070 



(a) the target was purified DNA which corresponded to the 
number of colony forming units of M.fermentans shown. 



(b) background 820 counts, subtracted. 

The M.fermentans SNAAC assay had a sensitivity limit between 
100 and 1000 target (cloned) copies. 
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References throughout the specification and claims to nucleic 
acids or nucleic acid sequences should be taken, where 
appropriate, as inclusive of derivatives or analogues 
thereof . 
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The claims defining the invention are as follows: 

1. A method for detecting a target nucleic acid sequence, 
which method involves amplification and detection in the same 
reaction vessel and comprises: 

(a) amplification of the target nucleic acid sequence in 
a vessel which is provided with a solid phase capture probe 
comprising a nucleic acid sequence capable of hybridising to 
at least a portion of the said amplified target nucleic acid 
sequence, said capture probe being incapable of participating 
or not participating in nucleic acid sequence amplification 
processes, 

(b) bringing a sample suspected of comprising said 
amplified target nucleic acid sequence into contact with said 
capture probe under conditions which allow said amplified 
target nucleic acid sequence to be bound by said capture 
probe , and 

(c) detecting the presence of bound amplified target 
nucleic acid sequence. 

2. The method of claim 1, wherein the capture probe is 
attached to an inside surface of a reaction vessel or to a 
solid support which is immersible into a reaction vessel. 

3. The method of claim 2, wherein the capture probe is 
attached to a dipstick, paramagnetic or non-paramagnetic 
beads, or an inside surface of a test tube, a well of a 
microtitre tray or modified microtitre tray lid with sections 
which are immersed or immersible into the reaction vessel. 

4. The method of any one of claims 1 to 3, wherein the 
target nucleic acid sequence is subjected to an amplification 
process . 

5. The method of claim 4, wherein said amplification 
process is polymerase chain reaction; ligase chain reaction; 
nucleic acid sequence based amplification Q replicase 



SUBSTITUTE SHEET f 



WO 94/02634 



48 



PCT/AU93/00379 



dependent amplification or strand displacement amplification. 

6. The method of any one of the preceding claims, wherein 
said capture probe is rendered incapable of participating in 
in vitro amplification by the presence of an amplification 
blocking group or groups. 

7. The method of claim 6, wherein the blocking group or 
groups comprise a 3 '-sequence or a 5 '-sequence which is not 
capable of hybridising to the amplified target nucleic acid 
sequence; a 3 ' -dideoxyribonucleotide or a 3 '-terminus linked 
to the solid support. 

8. The method of any one of the claims 1 to 5, wherein the 
3 '-terminus of the said capture probe is attached to the 
solid support. 

9. The method of any one of claims 1 to 7 , wherein the 
5 '-terminus of the said capture probe is attached to the 
solid support. 

10. The method of any one of claims 1 to 8, wherein the 
5 '-terminus of the said capture probe does not comprise a 
5 '-phosphate group 

11. The method of any one of the preceding claims, wherein 
the capture probe is linked through one terminus to a solid 
support and modified at the other terminus by any one of the 
preceding claims. 

12. The method of any one of the preceding claims, wherein 
said capture probe comprises a nucleic acid sequence capable 
of hybridising to at least a portion of said amplified target 
nucleic acid sequence and a nucleic acid spacer arm between 
the point of attachment to a solid phase linker which is, in 
turn, attached to the solid support. 
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13. 



13 The method of any one of the preceding claims, wherein 
said bound amplified target nucleic acid sequence is detected 
by means of a label incorporated therein. 

14 The method of claim 13, wherein the said detectable 
label is selected from the group consisting of fluorescent 
labels; time resolved fluorescent labels; biotin; avidin; 
streptavidin; radiolables; enzymes; dyes and rare earth 
metals . 

15 The method of any one of the preceding claims, wherein 
the amplified target nucleic acid sequence is selected from 
the group consisting of nucleic acid sequences specific to 
species of micro organisms; nucleic acid sequences 
characteristic of or associated with individuals, genetic 
disorders of diseases and nucleic acid sequences determinant 
of tissue type, sex or taxonomic classification. 

16. The method of any one of claims 1 to 14, when utilised 
in a forensic application; for maternity or parental testing; 
or in quality control in agriculture, horticulture or the 
food or pharmaceutical industries. 

17 An assay system or kit, for detecting a target nucleic 
acid sequence in a sample suspected of comprising said target 
nucleic acid sequence, comprising: 

(a) a capture probe comprising a nucleic acid sequence 
capable of hybridising to at least a portion of said 
amplified target nucleic acid sequence, said capture probe 
being immobilised on a solid phase support which forms a part 
of or is insertable into a container for the sample, and said 
capture probe being incapable of participating in standard 
nucleic acid sequence amplification processes, 

(b) reagents for amplification of said target nucleic 

acid sequence, and 

(c) means for detecting said target nucleic acid 
sequence, when bound by said capture probe. 
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18 The assay system or kit of claim 17, wherein said solid 
phase support is a dipstick; paramagnetic or non-par amagnetic 
beads? or an inside surface of a well of a microtitre tray - 
test tube or a microtitre tray lid with sections that are 
immersed or immersible into the reaction vessel. 



a 



19 



The assay system or kit of claim 17 or claim 18, wherein 
the reagents for amplification of said target nucleic acid 
sequence are those for use in polymerase chain reaction, 
ligase chain reaction, nucleic acid sequence based 
amplification, Q replicase dependent amplification or strand 
displacement amplification. 

20 The assay system or kit of any one of claims 17 to 19, 
further comprising means for incorporating a detectable label 
in the bound target nucleic acid sequence. 

21 The assay system or kit of claim 20, said detectable 
label is selected from the group consisting of fluorescent 
labels, time resolved fluorescent labels, biotin, avidin, 
streptavidin, radiolabels, enzymes, dyes, intercalators and 
rare earth metals. 

22 The assay system or kit of any one of claims 17 to 21, 
wherein the target nucleic acid sequence is selected from the 
group consisting of nucleic acid sequences specific to 
species of microorganisms, nucleic acid sequences 
characteristic of or associated with individuals, genetic 
disorders or disease and nucleic acid sequences determinant 
of tissue type, sex or taxonomic classification. 

23. The assay system or kit of any one of claims 17 to 21, 
adapted for use in a forensic application, for maternity or 
paternity testing, or in quality control in agriculture, 
horticulture or the food or pharmaceutical industry. 
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24. 



„ A method for detecting . target nucleic acid sequence, 
according to any one of claims X to 16 substantially as 

described herein. 

25. An assay system or Kit for detecting a target nucleic 
acid sequence, according to any one of claims 17 to 23, 
substantially as described herein. 
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